T he amount of medical information doubles every 5 years. 1 For practicing clinicians, staying abreast of advances in medicine is becoming a major challenge. To continue to provide the best possible patient care, clinicians must have access to resources that will assist them in making clinical decisions. Although several commercial products are available that synthesize large amounts of medical information into easily digestible reviews, these services frequently rely on overviews conducted by experts and may not be current. Furthermore, clinicians may have specific clinical questions that are better answered with a single article or systematic review rather than a broad topical review.
PubMed, a resource developed by the National Center for Biotechnology Information at the National Library of Medicine (NLM), provides free access to MEDLINE (MEDLARS Online) and other databases to any person who has Internet access.
2 MEDLINE is the NLM database of all published biomedical literature relevant to clinical practice. It is updated daily and contains more than 11 million references dating back to the 1960s from more than 4000 selected journals from 70 countries. Clinicians seeking information can search PubMed through Entrez, a text-based search and retrieval system at http://www .pubmed.gov. Entrez also provides access to other research-oriented databases.
The purpose of this article is to introduce clinicians to this powerful resource. We use clinical cases to highlight several important features, and we encourage readers to conduct the searches online as they work through the examples. All the actions that readers should complete are in italics. The names of the features in PubMed are capitalized.
CASE 1
A 45-year-old man presents with a 10-month history of burning epigastric pain that has not improved with a proton-pump inhibitor. Findings on upper endoscopy are normal, but Helicobacter pylori serology is positive. You ask yourself, "In patients with non-ulcer dyspepsia, does the treatment of Helicobacter pylori improve symptoms?" Developing Well-Built Clinical Questions: Key to Successful Searching
The most successful searches are accomplished if users select the most precise terms for the search. Finding numerous, apparently irrelevant articles is likely to discourage the clinician from looking further. These terms are best defined by learning to ask "well-built clinical questions."
3 Such questions are constructed by breaking down questions that arise from a clinical encounter into 4 components: (1) patient/problem, (2) intervention, (3) comparison intervention, and (4) outcome. For the aforementioned clinical question, the patient/problem would be "non-ulcer dyspepsia," the intervention would be "treatment of Helicobacter pylori infection," the comparison intervention would be "no treatment," and the outcome would be to "improve symptoms." These phrases can be used as PubMed search terms to retrieve relevant citations that will assist in making the appropriate clinical decision. At least 2 terms should usually be entered to begin the search (ie, "helicobacter pylori" and "non-ulcer dyspepsia"), but more can be entered to increase search relevance.
PubMed

PubMed Homepage
Logon to Pubmed (http://www.pubmed.gov). The PubMed homepage (http://www.pubmed.gov) provides users with a Query box, a text box into which search terms are entered ( Figure 1 ). The black menu bar above the Query box provides access to other databases. The homepage provides a Features bar that allows users to set Limits on searches and Preview the number of results that a search will retrieve before displaying the citations. The History feature is available after the first search and reviews the results of up to 100 prior searches. PubMed also provides users with an electronic Clipboard that can be used to compile up to 500 citations from multiple searches. The Clipboard erases the contents after 1 hour of inactivity. Users can visualize the search techniques employed by PubMed with the Details feature. The Features bar and Query box are available from every screen. PubMed also provides resources such as an Overview, online Help, and frequently asked questions (FAQ) on the blue sidebar on the left-hand side of each screen.
Type "helicobacter pylori" in the Query box and select the Go button.
Citations are displayed from the newest to the oldest in a default Summary format. PubMed will search back to 1966 unless a date limit is specified. The drop-down menu Display allows the user the option of viewing the retrieved citations in a variety of formats. The number of citations are shown on the gray bar, and the first 20 are shown by default. More citations can be displayed by selecting the desired number with the drop-down menu on the left. The number of pages of citations is also displayed on the gray bar, and specific pages can be reviewed by selecting the blue numbers on the right. Users can save the references and display them as a text file. This text file can be imported easily into commercially available reference manager software.
Boolean Operators
PubMed searches can be refined by using multiple search terms connected by Boolean operators: AND, OR, and NOT. Boolean operators must be entered in upper case. The operator AND selects the references that contain both search terms, OR selects the references that contain either search term, and NOT selects the references that contain the first term but not the second term. NOT should be used carefully, if at all. NOT is an absolute, and it can have unintended effects. For example, the query "heart attack NOT smoke" might eliminate articles in which the subjects are smoking, and it would also eliminate articles dealing with secondhand smoke, nonsmoking, or smoking cessation. PubMed processes all Boolean operators in a left-to-right sequence unless closed off by parenthesis, eg, helicobacter pylori AND (non-ulcer dyspepsia OR gastritis).
Enter "helicobacter pylori AND non-ulcer dyspepsia" in the Query box and select Go.
Limits
PubMed allows users to refine searches further by imposing Limits, including publication type, age and sex of research subjects, date of publication, language, human or animal, or journal subsets. A check mark will be displayed in front of Limits to signify that limits are imposed for the results of this search. The specific Limits are displayed beneath the Features bar. Placing Limits on the search decreases the number of citations that need to be reviewed to answer your clinical question. Clicking on a citation title "hyperlinks" (ie, different-colored text that links to other Web pages) to the abstract. The user can connect to the full-text article online by selecting the journal icon displayed at the top of the abstract display. In some instances, the article is available or will be after a certain period. In most cases, however, access to the full text is limited to those individuals and institutions subscribing to the electronic version of the publication. For individuals without access to a medical or hospital library, articles can be ordered through the NLM through Loansome Doc (explored in more detail through the Order Documents or the NLM Gateway hyperlink on the blue sidebar on the left-hand side of the screen).
CASE 2
A 47-year-old woman with cachexia and a history of chronic alcoholism presents with a 3-day episode of epigastric pain, anorexia, and nausea. Findings on a diagnostic evaluation are normal except for elevated pancreatic enzymes and an albumin level of 1.5 g/dL. After 24 hours, she feels hungry, but a general surgeon recommends continued bowel rest. You are concerned about her nutritional status and wish to start feedings. You ask yourself, "In patients with acute pancreatitis, does enteral versus parenteral nutrition decrease the length of hospitalization?"
Search Filters
PubMed allows users to search for articles using Clinical Queries and Systematic Reviews search filters. These can be accessed through the Clinical Queries hyperlink on the sidebar on the left-hand side of the screen (Figure 2) . Clinical Queries are validated search strategies to locate articles on therapy, diagnosis, etiology, or prognosis. 4 These "filters" or "hedges" are designed to allow clinicians to search by maximizing either the specificity or the sensitivity of the search. The Systematic Reviews search filter will locate articles identified as systematic reviews, metaanalyses, reviews of clinical trials, clinical reviews, guidelines, evidence-based medicine, and consensus development conferences. Either filter can be used by selecting the button in front of it. Search terms need to be entered in the Query box on the bottom of the Clinical Queries page. Searches can be further refined by imposing Limits on the retrieved citations.
On the Clinical Queries search filter page, select Clinical Queries, "therapy," and "sensitivity." Type "acute pancreatitis AND enteral nutrition AND hospital" in the Query box and select Go. Look for an article that answers your clinical question.
For this search we entered an additional term for outcome (ie, hospital) instead of 2 terms as we have done before. Entering more search terms may assist in increasing the search relevance.
CASE 3
An 82-year-old man with a history of gastrointestinal bleeding from arteriovenous (av) malformations presents again with hematochezia, anemia, and orthostatism. He was previously found not to be a surgical candidate, and you wonder about additional therapeutic options when your colleague mentions estrogen therapy. You are un- For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.
aware of the evidence and ask yourself, "In patients with recurrent gastrointestinal bleeding due to av malformations, does hormonal therapy result in fewer episodes of bleeding and fewer transfusions than treatment with placebo?"
Type in "av malformations AND estrogens" and select Go. As you look through the retrieved references, you will note that the articles do not answer your clinical question.
Using MeSH Terms to Construct Searches
The language of medicine is rich. Concepts can be described by using a wide range of synonyms. Case 3 illustrates the pitfalls of depending on familiar key words alone. MeSH (Medical Subject Heading) is NLM's hierarchical vocabulary that is used for indexing articles in PubMed, with more specific terms organized underneath more general terms. MeSH contains more than 19,000 terms and is updated annually to adapt to changes in medicine and medical terminology. Subject analysts examine each journal article indexed in PubMed and assign the most specific MeSH terms applicable, usually 10 to 12. This provides a reliable way to retrieve citations that use different terminology for the same concept because it indexes articles based on content rather than on the words of the authors.
Two additional features of PubMed capitalize on the MeSH vocabulary and increase the search yield, providing distinct advantages over other commonly used search engines. One of these features of PubMed is "automatic term mapping." For each phrase that users enter into the query line, PubMed attempts to translate the terms by matching them against term libraries in a consistent manner. PubMed first checks them against a library of MeSH terms, then journal names, then commonly used phrases, and finally against author names. If PubMed finds the term in one of these libraries, it conducts the search by using this phrase in the appropriate search field (ie, author name field, MeSH term field, etc) and also searches for it as a text word in all search fields.
The other feature of PubMed that increases search yield is "automatic term explosion." Journal articles are entered into PubMed with both MeSH headings (eg, estrogens) and Subheadings. For example, for an article on the use of estrogen as a therapeutic intervention, the subheading "therapeutic use" would be used to characterize a publication more completely. MeSH Subheadings are further grouped into families of subheadings (to see MeSH Subheading categories, hyperlink to Help through the blue sidebar and see MeSH Subheadings and Families of MeSH Subheading Explosions). When PubMed searches for a term, it automatically "explodes" or includes the more specific terms (eg, "estrone" and "estriol" for the term "estrogen") and all the MeSH Subheadings in the family of subheadings. This effectively increases the search yield. Any time during a search, users can see how PubMed has executed the search by selecting Details in the features menu.
Hyperlink through the MeSH Browser on the blue sidebar on the left-hand side of the screen. Type in "av malformation" in the Query box, select Go. Select "arteriovenous malformation" from the list of provided terms and select Browse this term.
PubMed was not able to translate your term but instead generated a list of other possible terms to use in the search. Additionally, PubMed defined the term "arteriovenous malformation" and displayed where it appears in the MeSH hierarchy.
Hyperlink to "vascular diseases" to explore the MeSH terms included under this MeSH heading.
Notice that 2 terms could be used to obtain evidence to answer your clinical question: "arteriovenous malformation" and "angiodysplasia."
Hyperlink to "angiodysplasia." Select Add. PubMed begins to construct the search in the window (Figure 3 If you are interested in a higher level of evidence (ie, randomized-controlled clinical trial), you can set Limits to clinical trial. At the right of the screen is a link entitled Related Articles. This PubMed feature searches for similar citations by using a complex algorithm that scans titles, abstracts, and MeSH terms.
ADDITIONAL FEATURES
PubMed provides all users with the option to register for the Cubby, which is free of charge. This feature allow users to store and update searches. First-time users must register and select a unique password for access. This resource might be used to conduct systematic reviews because it allows users to update searches quickly, which can be kept in the Cubby indefinitely.
ADVANCED FEATURES
PubMed provides many other advanced features that will assist interested clinicians in finding the evidence necessary to make informed clinical decisions. We encourage users who become more comfortable with basic features to challenge themselves to use the Help, Overview, and Tutorials that are available through the blue sidebar on the lefthand side of the screen.
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